[3H]Forskolin bound to high-and lowaffinity sites in the rat brain. The high-affinity site was discretely located, with highest densities in the striatum, nucleus accumbens, olfactory tubercule, substantia nigra, hippocampus, and the molecular layers of the cerebellum. The present paper examines more closely the high-affinity binding sites for forskolin in the rat central nervous system and the possibility that some of these sites are associated with the molecular mechanisms underlying Gg-C interactions.
affinity forskolin binding sites in non-dopamine-rich brain areas (hippocampus and cerebellum) were modulated in a qualitatively different manner by guanyl nucleotides. In these areas the number of binding sites was significantly reduced by the addition of guanyl nucleotide. These results suggest that forskolin may have a potential role in identifying different functional/structural guanine nucleotide-binding proteins.
The diterpene forskolin possesses an interesting spectrum of pharmacological activities. It stimulates adenylate cyclase both in peripheral tissues and in brain by a mechanism that involves a direct interaction with the catalytic subunit (C) of the enzyme adenylate cyclase (1) . The presence of guanine nucleotide-binding proteins (G proteins), although not necessary for this action of forskolin, has been implicated as important for the expression of full enzymatic activity (2) . This direct stimulation of adenylate cyclase usually occurs at forskolin concentrations in the micromolar range (1) . At much lower concentrations, forskolin can also act synergistically with hormones that activate adenylate cyclase to greatly increase the generation of cAMP (3) .
These two actions of forskolin have been explained as a consequence of the compound binding to two discrete sites: a low-affinity site associated with the catalytic subunit and a high-affinity site, the location of which is unknown. The occupancy of this high-affinity site by forskolin enhances stimulatory G protein (Gs)-C coupling (4) . Support for this model has come from studies of a lymphoma cell line. Forskolin restored the response to isoproterenol in S49 lymphoma cells defective in Gg-C coupling but not in other cell variants where either Gs was defective or receptor-Gs coupling was impaired (5).
These two separate actions of forskolin have been described in many different tissues and for a variety of hormones, suggesting that the two sites have a widespread distribution. However, when the distribution of forskolin binding sites in rat brain was examined autoradiographically by using [3H] forskolin, high-affinity [3H]forskolin binding sites showed a very uneven pattern of distribution (6) . High densities of binding sites were observed, particularly in the limbic system and the basal ganglia. The highest density of binding was in the corpus striatum, in which adenylate cyclase is particularly sensitive to stimulation by forskolin (7) .
The present paper examines more closely the high-affinity binding sites for forskolin in the rat central nervous system and the possibility that some of these sites are associated with the molecular mechanisms underlying Gg-C interac- After an 18-hr recovery period, the rats were tested for circling behavior in a perspex chamber (diameter = 50 cm). The animals were allowed to habituate to the apparatus for 5 min, and then the activity was recorded for a further 5 min. This measurement was repeated 6 hr later. Any animal not exhibiting turning was discarded. The remaining animals were sacrificed, and their brains were removed. Both striata were dissected, and membranes were prepared from pooled right and left striata. In some animals the whole brain was frozen for autoradiography.
Adenylate [3H]forskolin compared with that in the presence of Mg2+ alone. Thus, the results obtained with membrane preparations mimicked those obtained by autoradiography. The dependence of the binding sites in dopamine-rich areas of brain upon Mg2 + and their modulation by p[NH]ppG are in keeping with a possible association with a G.-C mechanism. Another criterion for the involvement of a G protein is that cholera and pertussis toxins have characteristic effects on the functions of known G proteins, and these can be used in either intact cells or cell membranes (13) . We examined the effect of cholera toxin treatment on the high-affinity [3H]forskolin binding sites in striatum. Cholera toxin was injected stereotaxically into the right striatum, and the left striatum from the same animal was used as a control. The activity of the toxin was verified in two ways. The animals were tested for behavioral asymmetry due to increased cAMP in only one striatum, which resulted in contralateral turning behavior. Successfully treated animals showed a pronounced circling, which in- (Fig. 3) (Fig. 4) 
